The efficacy and safety of premedication with acepromazine-butorphanol or acepromazinebuprenorphine combination were compared in dogs anaesthetized with propofol using total intravenous anaesthesia. Six mature Nigerian indigenous dogs were randomly assigned to 1 of 2 premedication groups: Group 1 (acepromazine, 0.03 mg/kg, IM; butorphanol, 0.4 mg/kg, IM), or 2 (acepromazine, 0.03 mg/kg, IM; buprenorphine, 0.02 mg/kg, IM); propofol was administered using bolus injection method of total intravenous anaesthesia (TIVA); cardiopulmonary parameters of anaesthetized dogs were recorded at 20 min intervals for 2 h. The results of this study showed that significant alterations (p>0.05) were not observed in the anaesthetic indices of dogs on the two protocols. However, significant increase (p<0.05) was observed in the heart rate of dogs anaesthetized with ACE-BUP-PRO compared with those anaesthetized with ACE-BUT-PRO at all time intervals of 20 to 120 min after the induction of anaesthesia. The mean arterial blood pressure decreased significantly (p<0.05) in dogs anaesthetized with ACE-BUP-PRO at 40 and 120 min post anaesthetic induction, compared with dogs anaesthetized with ACE-BUT-PRO. Likewise, the respiratory rate of dogs anaesthetized with ACE-BUP-PRO decreased significantly (p<0.05) at 60, 100 and 120 min post anaesthetic induction. Haemoglobin-oxygen saturation and rectal temperature were not significantly at variance in dogs on the two anaesthetic protocols. In conclusion, either butorphanol or buprenorphine can be used in combination with acepromazine for premedication of dogs for routine surgical and diagnostic procedures. However, caution is advised with the use of buprenorphine in dogs with pre-existing cardiac disease or hypertension.
INTRODUCTION
Propofol is an alkyphenol anaesthetic agent widely used for total intravenous anaesthesia (TIVA). The administration of propofol usually is accompanied by smooth and rapid induction of anaesthesia and short *Corresponding author. E-mail: folllushoo@yahoo.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License recovery times (Adetunji et al., 2002) . Smooth inductions and short recovery times are peculiar characteristics of propofol which qualifies it to be used as a constant rate infusion for maintenance of anaesthesia (Aoki et al., 2017) .
Despite the widespread use of propofol for total intravenous anaesthesia (TIVA) in dogs (Kumar et al., 2014) , the drug has no potent antinociceptive activity when used alone (Quandt, 2013) . Therefore, propofol is not recommended as the sole agent for maintenance of surgical anaesthesia, as it does not prevent haemodynamic responses to noxious stimulation except at high doses, which are invariably accompanied by considerable cardiopulmonary depression (Alipour et al., 2014) .
Neuroleptanalgesia is a state of profound sedation and analgesia produced by co-administration of a neuroleptic agent such as acepromazine and an opioid such as butorphanol or buprenorphine (Poller et al., 2013 , Chang et al., 2014 . The neurolept acepromazine has a relatively low toxicity and potentiates the analgesic effect of an opioid (Quandt, 2013) . Butorphanol and buprenorphine are both partial agonists that produce short and long duration of analgesia respectively and are widely used as premedication in small animals (Izer et al., 2014) . Till date, the comparative effects of both neuroleptanalgesics have not been reported in propofol-anaesthetized dogs.
Thus, these drugs are used without adequate information that may be associated with the haemodynamic disturbances when used as premedicants with propofol. The aim of this study, therefore, was to compare the efficacy and safety of TIVA with propofol in dogs premedicated with either acepromazine-butorphanol or acepromazine-buprenorphine without the confounding effects of a surgical procedure.
MATERIALS AND METHODS

Animals
This study was carried out with the approval of University of Ibadan Animal Care and Use Research Ethics Committee (UI-ACUREC/App/2015/002). Six adult Nigerian indigenous dogs comprising 4 intact male and 2 intact, non-pregnant, non-lactating females were used for the study. Apparently healthy dogs were purchased from a local dog market in Ibadan. They were clinically observed for ectoparasites, overt signs of anaemia and infection (inflamed lymph nodes), and the heart rate, pulse rate and respiratory rate were recorded before the commencement of the study. Their body weight ranged between 10 and 13 kg. They were housed in a standard animal house at the faculty of veterinary medicine, University of Ibadan.
The dogs were fed ad libitum once daily on a home-made, ricebased diet with fish and meat offal supplements. Fresh drinking water was made available free choice at all times. Before the experiments of the trials, the dogs were allowed three weeks to get accustomed to their new environment, feeding regime and constant human handling. They were judged to be healthy (American Society of Anaesthesiologists physical status classification 1 or 2) on the basis of complete physical examination and minimal blood analysis (packed cell, volume and total solids). All findings were within Bolaji-Alabi and Adetunji 181 reference limits (Khan et al., 2011) for dogs.
Study design
This study was a randomized, blinded, cross-over trials, in which each dog received the two regimens of premedication with a washout period of 7 days between treatments. Dogs were randomly allocated into the two treatments; the randomization scheme was generated by using the Web site Randomization.com ⟨http://www.randomization.com⟩.
Experimental procedure
Food was withheld from the dog the night before the trial but water was allowed up to the time of premedication. The dog was weighed for the purpose of drug dose determination. Syringe containing a neuroleptic -opioid mixture was prepared by one person that was not involved in the trial. The drug mixtures were prepared as follows:
1. 0.03 mg kg -1 acepromazine (Plegial 10 mg mL -1 , Pharmaxim Sweden AB, Sweden) and 0.4 mg kg -1 butorphanol tartarate (Torbugesic 10 mg ml -1 , Forte Dodge, lowa 50501, USA) 2. 0.03 mg kg -1 acepromazine (Plegial 10 mg mL -1 , Pharmaxim Sweden AB, Sweden) and 0. After obtaining sedation scores of the unrestrained and undisturbed dog, cephalic venous access was then secured using a 21G winged needle and an intravenous administration of 5% dextrose in water at an infusion rate of 5 mLKg -1 h -1 was begun. Twenty minutes after premedication intravenous anaesthesia was induced with 4 mg kg -1 propofol (Propofol-lipuro 10 mg.mL -1 , FresiusKabi, Halfway House, South Africa) administered by hand over approximately 2 min at a rate of approximately 0.25 mg Kg -1 every 1.5 s. The end point was an absence of head, jaw and tongue movements and a jaw tone sufficiently reduced to allow intubation of the trachea with a cuffed 6 mm1D endotracheal tube immediately after tracheal intubation, the anaesthetised dog was placed in left lateral recumbency and a multiparameter physiological monitor (Cardell 9500 HD) was attached. Anaesthesia was maintained for 2 h with repeat bolus injections of 2 mg Kg -1 propofol at 5-minute interval (Adetunji et al., 2002) . Anti-nociception was assessed at 2-minute intervals using a toe-pinch pedal withdrawal reflex response to haemostatic forceps closed to one ratchet.
Calculations
1. Onset of analgesia: Time interval (in minutes) between the initial bolus injection of propofol to disappearance of pedal reflex induced with artery forceps closed to the first ratchet. 2. Duration of analgesia: Time interval (in minutes) between the disappearance and return of the pedal reflex. 
Measurements
Heart rate (HR), respiratory rate (fR), haemoglobin oxygen saturation (SpO2), mean arterial blood pressure (MAP), and rectal temperature (RT) were measured immediately after induction of anaesthesia and during the course of maintenance of anaesthesia at 20 min intervals over a period of 120 min. This was considered as the cost critical period of anaesthesia. The variables were monitored to access relative safety of six total intravenous regimens under study. The patient monitor (Cardell 9500 HD Multiparameter monitor) was utilized to take all these mentioned physiological parameters.
Data analysis
All calculated and measured variables are expressed as mean ± SEM (Standard error mean) of six dogs. The means of duration of analgesia, duration of recumbency for total intravenously administered drug was compared in both instance of premedication using student t-test when a significant difference was indicated.
The mean values of the physiological variables (HR, RR, SP, MAP, SpO2 and RT) were compared using analysis of variance (ANOVA) for repeated measures followed as appropriate by Duncan test when a significant difference was indicated. A value of p˂0.05 was considered statistically significant for all the comparisons.
RESULTS
Anaesthetic indices
The anaesthetic indices of dogs administered ACE-BUT-PRO AND ACE-BUP-PRO anaesthesia are presented in Table 1 . Significant alterations (p>0.05) were not observed in the anaesthetic indices of dogs on the two protocols.
Cardiopulmonary parameters
The cardiopulmonary parameters of dogs administered ACE-BUT-PRO and ACE-BUP-PRO anaesthesia are presented in Table 2 . Significant increase (p<0.05) was observed in the heart rate of dogs anaesthetized with ACE-BUP-PRO compared with those anaesthetized with ACE-BUT-PRO at all time intervals of 20 to 120 min after the induction of anaesthesia. However, the mean arterial blood pressure decreased significantly (p<0.05) in dogs anaesthetized with ACE-BUP-PRO at 40 and 120 min post anaesthetic induction, compared with dogs anaesthetized with ACE-BUT-PRO. Likewise, the respiratory rate of dogs anaesthetized with ACE-BUP-PRO decreased significantly (p<0.05) at 60, 100 and 120 min post anaesthetic induction. Haemoglobin-oxygen saturation and rectal temperature were not significantly at variance in dogs on the two anaesthetic protocols.
DISCUSSION
Premedication is often carried out in practice to alleviate fear and anxiety, to reduce the induction and maintenance dose of general anaesthesia, to provide extra analgesia when necessary, to counteract the side effects of other drugs, and to ensure an uneventful induction and recovery from anaesthesia (Hedenqvist et al., 2013) . Anaesthetic indices and physiological parameters are monitored in patients under general anaesthesia periodically or continuously to warn, advice or to instruct on a patient's condition (Alam et al., 2014) . In this study, the mean induction time, duration of analgesia, duration of recumbency and time to standing with both groups of anaesthetic protocols (ACE-BUT-PRO and ACE-BUP-PRO) were similar. Moreover, long duration recumbency and smooth recovery was achieved with both anaesthetic protocols. Therefore, where applicable, the two opioids, BUP or BUT, possess beneficial effects and may be used for premedication in dogs to alleviate common complications of propofolinduced general anaesthesia. However, the observation of significantly higher heart rate with BUP may be interpreted as a need to exercise caution with the use of this premedicant as there may be inherent arrhythmogenic complications in some patients. Total (Bergmann et al., 2013) . In this study, since the published half-life of propofol is 5 to 10 min, repeat bolus was adopted every 5 min throughout the anaesthetic period. Intravenous (IV) fluids are routinely administered during anaesthesia to maintain venous access as well as circulating blood volume, cardiac output and blood pressure (Sasai et al., 2014) . The various types of intravenous fluids used include crystalloid, colloid and whole blood. Dextrose saline (5%) was used for this study as previously reported by Sriganesh et al. (2017) . Although IV fluid is usually administered at the rate of 10 ml/kg/h during anaesthesia and surgery, a rate of 5 ml/kg/h was used in this study because abdomen or thorax were not entered. Patients under general anaesthesia need to be endotracheally intubated to maintain open airway, to protect the airway from reflux gastric content and to connect the patient to anaesthetic machine (Krausz et al., 2015) . In this study, endotracheal intubation was done after induction with propofol to maintain patent airway. Anaesthetic indices and physiological parameters are monitored generally in patients under general anaesthesia periodically or continuously to warn, advice or to instruct on a patient's condition (Alam et al., 2014) . In this study, they were monitored non-invasively without surgical procedure. The quality of the recovery in this study was judged to be good to excellent.
It is concluded that either butorphanol or buprenorphine can be used in combination with acepromazine for premedication of dogs for routine surgical and diagnostic procedures. However, caution is advised with the use of buprenorphine in dogs with pre-existing cardiac disease or hypertension.
